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Mechanisms that protect most high-risk HIV-1 sero-
negative (HRSN) persons are not well understood.
Among hemophiliacs from the Multicenter Hemo-
philia Cohort Study who remained HIV-1 seronegative
despite a high (94%) risk for acquisition of HIV-1 in-
fection, only 7/43 were homozygous for the protective
CCR5 D32 polymorphism. Among the remainder, nei-
ther CCR5 density nor b-chemokine production, nor in

itro susceptibility to infection with the HIV-1 isolate
R-FL could distinguish HRSN hemophiliacs from
ealthy controls. When compared to lymphocytes of
ealthy controls not at risk for HIV-1 infection, dimin-

shed spontaneous lymphocyte proliferation was seen
n lymphocytes of HRSN hemophiliacs as well as in
ymphocytes of hemophiliacs not at risk for HIV-1 in-
ection. Surprisingly sera/plasmas obtained from high-
isk HIV-1 seropositve hemophiliacs prior to serocon-
ersion more often contained alloreactive antibodies
han date-matched sera/plasmas obtained from HRSN
emophiliacs. Thus alloreactivity may predispose to
cquisition of HIV-1 infection after parenteral expo-
ure. © 2000 Academic Press

Key Words: Multicenter Hemophilia Cohort Study;
CCR5; b-chemokines; HLA; HIV-1; alloreactive
antibodies.

INTRODUCTION

Not all persons exposed to the human immunodefi-
ciency virus type-1 (HIV-1) through sexual contact or
parenterally through contaminated blood products be-
come infected. Fewer than 15% of wives and regular
sexual partners of HIV-1-infected men with hemo-
philia in the Multicenter Hemophilia Cohort Study
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ases, Case Western Reserve University, University Hospitals of
leveland, Foley Building, 2061 Cornell Rd., Cleveland OH 44106.
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(MHCS) developed HIV-1 infection despite frequent
unprotected sexual intercourse (1). Similarly, Peter-
man et al. reported 24 HIV-1 seronegative women who
had each reported more than 100 unprotected inter-
course episodes with their HIV-1-infected husbands
(2). Luscher et al. found that 5% of heavily exposed
Nairobi prostitutes escaped HIV-1 infection despite re-
peated exposure to HIV-1-infected partners (3). Simi-
larly, 6% of heavily treated hemophiliacs in the Multi-
center Hemophilia Cohort Study escaped HIV-1
infection despite apparent exposure to contaminated
antihemophilic factor concentrates (4).

To date, only a genetic polymorphism in the CC-
chemokine receptor CCR5, which serves as an HIV-1
coreceptor, has been shown to provide clear protection
from acquisition of HIV-1 infection. A 32-bp deletion in
this gene (CCR5 D32) results in a truncated nonfunc-
tional protein. The prevalence of homozygosity for the
CCR5 D32 polymorphism is increased in Caucasians at
high risk for HIV-1 infection who are uninfected (5–
12), and peripheral blood cells obtained from these
persons are resistant to infection with R5-tropic HIV-1
isolates (7, 8). HIV-1 infection with X4-tropic HIV-1
isolates has been reported very rarely in persons ho-
mozygous for CCR5 D32 (12, 13). Thus, subjects ho-
mozygous for the CCR5 D32 genotype are highly but
not absolutely resistant to HIV-1 infection. Another
CCR5 open reading frame mutation that also results in
a truncated protein also may confer resistance to
HIV-1 infection (14). Other putative protective mecha-
nisms, such as immune recognition of HIV-1 peptides
(15–18), the presence of rare HLA alleles (3), and
heightened production of HIV-1-inhibiting b-chemo-
kines (19) have been suggested as possibly protective,
but these mechanisms are less firmly established.

Among hemophiliacs within the MHCS who were
heavily treated with non-heat-treated clotting factor
concentrates between 1978 and 1985, Kroner et al.

(1994) found that the risk of acquiring HIV-1 infection
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was dependent upon both the nature of the treatment
(Factor VIII concentrate was associated with higher risk
of HIV-1 infection than Factor IX concentrate) and inten-
sity of treatment (4). Only 6% of hemophiliacs heavily
treated with Factor VIII concentrate (.20,000 Units/year
r .100,000 Units between 1978 and 1985) or Factor IX
oncentrate (.50,000 Units/year or .106 Units during
his time) remained HIV-1 seronegative (4).

In the present study, we performed careful analyses
f blood samples obtained from high-risk HIV-1 sero-
egative (HRSN) hemophiliacs in the MHCS to char-
cterize this cohort more completely and to explore
otential mechanisms for in vivo resistance to HIV-1

infection. Our results demonstrate that the protective
CCR5 D32 polymorphism was seen only in a minority
(16%) of HRSN hemophiliacs. Among the remaining
HRSN, neither in vitro susceptibility to infection with
HIV-1 isolates (JR-FL and NL4-3), nor b-chemokine
production, CCR5 density, or lymphocyte activation
status could distinguish HRSN hemophiliacs from con-
trols. Surprisingly, HRSN hemophiliacs were less
likely to have alloreactive antibodies than were high-
risk hemophiliacs who later acquired HIV-1 infection.

MATERIALS AND METHODS

Patients and controls. Hemophiliacs at risk for
HIV-1 infection were identified from the MHCS. Forty-
three patients were identified as HRSN hemophiliacs;
each was a heavy user of Factor VIII (.20,000 U/year
or .100,000 U of non-heat-treated clotting factor be-
ween 1978 and 1985). The predicted risk for HIV-1
nfection among these hemophiliacs was 94% (4). Se-
um samples were repeatedly nonreactive with HIV-1
ntigens by EIA, RIA, and immunoblot. Controls for
he functional studies were healthy laboratory and
ealth care workers not at risk for HIV-1 infection. For
he case-control study of alloreactivity, controls were
emophiliacs within the MHCS who ultimately sero-
onverted and were matched to the HRSN hemophili-
cs for age, intensity of therapy prior to seroconver-
ion, and availability of date-matched serum or plasma
amples. For the lymphocyte proliferation studies, 6
IV-1 seronegative hemophiliacs who had been
eavily treated with only heat-treated Factor VIII con-
entrates and thus were not at risk for HIV-1 infection
lso served as controls.

Cell preparation and culture conditions. Whole
lood drawn into sodium heparin-containing tubes
Becton–Dickenson, Franklin Lakes, NJ) from both
RSN hemophiliacs and healthy controls was either
repared on site or shipped overnight before prepara-
ion. Peripheral blood mononuclear cells (PBMC) were
urified by Ficoll–Hypaque (Pharmacia, Piscataway,
J) density sedimentation and were cryopreserved in

0% fetal bovine serum (FBS, Summit Biotechnologies,
ort Collins, CO) and 10% dimethyl sulfoxide (DMSO,
igma, St. Louis, MO). Frozen PBMC were thawed,
ashed gently, and cultured overnight in a polypro-
ylene culture tube in complete medium (CM) consist-
ng of RPMI 1640 (BioWhittaker, Inc., Walkersville,

D) supplemented with 20% heat-inactivated FBS, 10
M Hepes (BioWhittaker), 10 mM L-glutamine (Bio-

Whittaker), 100 U/ml penicillin, and 100 mg/ml strep-
tomycin (BioWhittaker) at 37°C in a humidified 5%
CO2-enriched incubator before functional studies were
performed.

DNA preparation and CCR5 genotyping. One hun-
dred thousand PBMC were pelleted and stored at
270°C. DNA was purified using the QiaAmp Blood kit
(Qiagen, Santa Clairita, CA). PCR amplification was
performed in a solution (25 ml) containing 2.5 pmol of
the appropriate positive-strand and negative-strand
primers; 67 mM Tris–HCl (pH 8.8); 6.7 mM MgSO4;
6.6 mM (NH4)2SO4; 10 mM 2-mercaptoethanol; 100

mM dATP, dGTP, dCTP, and dTTP; 2.5 units of ther-
mostable DNA polymerase (PE Applied Biosystems,
Foster City, CA), and 10–50 ng of purified human
genomic DNA. Oligonucleotide primers used to direct
amplification of CCR5 ORF products (weight, 312 bp;
D32, 280 bp) include 620001 59-GTC TTC ATT ACA
CCT GCA GCT CTC-39 and 623112 59-GGT CCA ACC
TGT TAG AGC TAC TGC-39. Amplicons for the CCR5
ORF were visualized on 2% agarose gels following elec-
trophoresis in 13 TBE and stained with a 1:10,000
dilution of SYBR Gold (Molecular Probes, Eugene, OR)
and detected using a Storm 860 scanner (Molecular
Dynamics, Sunnyvale, CA).

Lymphocyte proliferation. PBMC were cultured in
quadruplicate round-bottom microtiter wells at a con-
centration of 105 cells/0.1 ml CM. Lymphocyte prolif-
eration was assayed in medium alone or medium sup-
plemented with increasing concentrations of PHA
(Sigma) and IL-2 (Cellular Products, Inc., Buffalo, NY)
(0.15/0.15, 0.31/0.31, 0.63/0.63, 1.25/1.25, 2.5/2.5, 5/5,
and 10/10 mg/ml PHA/%IL-2, respectively). After 3
days of culture, 1 mCi of [3H]thymidine (ICN Pharma-
euticals, Inc., Cosa Mesa, CA) was added to all wells.
ells were harvested 18 h later using a semiautomated
ell harvester and [3H]thymidine incorporation was

assayed using automated gas scintillation spectrome-
try. Lymphocyte proliferation was recorded in counts
per minute, and 10 and 50% of maximal stimulation
was defined for each individual based on the analysis of
the stimulation response curves. It should be noted
that for all subjects, although peak proliferation var-
ied, the concentrations of stimuli that resulted in 10
and 50% of maximal stimulation were remarkably con-
sistent (0.4 mg/ml PHA, 0.4% IL-2 and 1.25 mg/ml PHA,

1.25% IL-2, respectively).
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Viral stocks and in vitro infections. HIV-1 labora-
tory isolates NL4-3 and JR-FL were obtained from the
AIDS Reference and Reagent Program (Rockville, MD)
and were propagated in PHA blasts obtained from
healthy controls using standard methodologies (20).
Culture supernatant was analyzed for HIV-1 p24 an-
tigen concentration by ELISA (Coulter, Miami, FL)
and the TCID50 of each virus isolate was determined by
limiting dilution using PHA blasts.

Infectivity assays were performed as follows: PBMC
were stimulated at 10 and 50% of maximal stimulation
conditions (0.4 mg /ml PHA, 0.4% IL-2 and 1.25 mg /ml
PHA, 1.25% IL-2, respectively). After 48 h, cells were
centrifuged and incubated for 2 h with the HIV-1 iso-
lates NL4-3 or JR-FL at a m.o.i. of 0.1. The cells were
washed three times and resuspended in CM supple-
mented with IL-2 (0.4% for 10% or 1.25% for 50%
maximal stimulation). One hundred thousand cells in
300 ml CM were plated in quadruplicate microtiter
wells. Supernatants were collected and replaced with
fresh CM at 1, 3, 5, 7, and 11 days postinfection and
were analyzed for HIV-1 p24 antigen concentration by
ELISA (Coulter).

b-Chemokine production. PBMC were incubated at
a concentration of 106 cells/ml at 10, 50, or 100% of
optimal stimulation conditions or without stimulation
for 48 h. Supernatants were assayed for MIP-1a, MIP-

b, and RANTES by ELISA (R&D Systems, Minneap-
olis, MN).

CCR5 expression. PBMC were incubated without
stimulation in CM for 24 h to allow for recovery from
cryopreservation. Cells were washed and then resus-
pended in CM at 1 3 106 cells/ml and cultured for 48 h
in a multiwell culture plate. Cells were removed from
the culture wells by pipetting up and down while the
wells were gently scraped with the pipet tip. Cells were
then were centrifuged at 400g, washed, and resus-

ended in 200 ml of PBS. Recovery was $70%. PBMC
were incubated with monoclonal antibodies CD4-
PerCP/CD14-FITC/IgG1-PE, CD4-PerCP/CD14-FITC/
CCR5-PE (Pharmingen, San Diego, CA) for 30 min at
room temperature, then washed twice, fixed with 1%
paraformaldehyde in PBS, and analyzed immediately
using a FACScan (Becton–Dickenson, San Jose, CA).
The monoclonal antibody directed against the chemo-
kine receptor CCR5 was labeled with fluorochrome at a
ratio of 1 molecule of phycoerythrin per antibody mol-
ecule. Known ratios of QuantiBRITE-PE beads (Bec-
ton–Dickenson) were analyzed using the same instru-
ment settings as used in the assay. The geometric
mean fluorescence for the control IgG2a-PE was sub-
tracted from the geometric mean fluorescence of the
CCR5-PE-positive cells and was converted into the

number of PE molecules bound per CD41 T lymphocyte
and CD141 monocyte (21). Monocytes and lymphocytes
were analyzed separately using CELLQuest software
(Becton–Dickenson) collecting at least 10,000 events
for each analysis.

HLA class I and class II reactive antibodies. Serum
or plasma samples that had been drawn and frozen
6–9 months before seroconversion from MHCS hemo-
philiacs who later acquired HIV-1 infection and age-
matched, therapy-matched, and time-matched samples
obtained from the HRSN hemophiliacs were examined
for HLA-reactive antibodies using microcytoxocity as-
says (Lambda Cell Trays, One Lambda, Inc., Canoga
Park, CA). The test wells were scored as positive or
negative based upon the frequency of cell death using
the American Society of Histocompatibility and Immu-
nogenetics (ASHI) reading standard (22).

RESULTS

Study subjects. Forty-three HRSN hemophiliacs
and 28 matched hemophilic seroconverters comprised
the study population for alloreactivity studies, and 25
HRSN hemophiliacs, 6 hemophiliacs not at risk for
HIV-1 (NRSN), and 19 age-matched healthy controls
comprised the study populations for other functional
studies (Table 1). Age and sex were comparable within
each study population and their controls with the ex-
ception of the NRSN hemophiliacs, who had a median
age of 15. Ages are listed for the dates of sample ac-
quisition; the alloreactivity studies were performed us-
ing samples obtained between 1978 and 1987, while
the functional studies were performed on samples ob-
tained between 1995 and 1998. Demographics of the
study groups were comparable. The predicted overall
risk for seroconversion based upon treatment history
was comparable in the HRSN hemophiliacs and in the
hemophiliacs who were seroconverters.

CCR5 genotype. Among the HRSN hemophiliacs, 7
of 43 (16%) were homozygous for the CCR5 D32 poly-

orphism and 7 of 43 (16%) were heterozygous (Table
). Among the seroconverters who were tested, 4 of 19
21%) were heterozygous for the CCR5 D32 polymor-

phism and none were homozygous. Among the healthy
controls, only 1 of 19 (5%) was heterozygous for the
CCR5 D32 polymorphism.

Cell surface CCR5 expression. CD41 T cell expres-
sion of CCR5 was measured on unstimulated cultured
lymphocytes (Fig. 1). As expected, the seven HRSN
homozygous for the CCR5 D32 polymorphism had un-
detectable CCR5 expression on CD41 T cells (not
shown) and the two HRSN hemophiliacs heterozygous
for CCR5 D32 had low levels of CCR5 expression aver-
aging 286 molecules per cell (not shown). Therefore
comparative analysis was restricted to PBMC of per-

sons with wild-type CCR5 open reading frame se-
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quences. CD41 T cell surface CCR5 densities were com-
parable among HRSN hemophiliacs and healthy
controls (1080 vs 1019 molecules/cell). The percentages
of CD41 T cells that expressed CCR5 were also compa-
rable among HRSN and controls (mean values of 14 6
9 and 10 6 5%, respectively). The density of CCR5
molecules on cultured CD141 monocytes of HRSN and
controls was similar averaging 9714 molecules per cell
in the HRSN and 11,204 molecules per cell among the
healthy controls. Examination of peak shifts on flow
histograms demonstrated that essentially all CD141

cells from both the HRSN and healthy controls ex-
pressed CCR5 (data not shown).

Lymphocyte proliferation. The “activation state” of
patients’ and controls’ PBMC was tested by measure-
ment of thymidine incorporation in the absence of stim-

TABLE 2
CCR5 Genotype

CCR5 genotype

1/1 1/D32 D32/D32 Unknown

HRSN (n 5 43) 29 7 7 0
Seroconverters (n 5 28) 15 4 0 5
NRSN (n 5 6) 2 0 0 4
Healthy controls (n 5 24) 23 1 0 0

Note. (1/1) Homozygous wild type, (1/D32) heterozygous, and

TABLE 1
Demographics of Study Subjects

HIV-1 status
Healthy
controlsSeroconverters HRSN NRSN

ge mean 6 SDa

Alloreactivity
studies

25 6 16
(n 5 28)

26 6 14
(n 5 43)

Cellular assays 43 6 14
(n 5 25)

15 6 2
(n 5 6)

39 6 13
(n 5 19)

ex
Male/female 28/0 42/1 6/0 19/0
ace
White non-Hispanic 23 41 3 19
Black non-Hispanic 2 0 2
Hispanic 2 1 0
Other 1 1 1
ntihemophilic factor

usage
Factor VIII high 25 43 6 NA
Factors VIII and IX 3

redicted risk for
HIV-1 infection 94% 94% 0 0

a At the time of blood sampling, during the years 1978–1987 for
lloreactivity studies and 1995–1998 for cellular assays.
tD32/D32) homozygous for a 32-bp deletion in the CCR5 ORF.
ulation and after exposure to graded concentrations of
PHA and IL-2. Unstimulated PBMC obtained from
HRSN hemophiliacs had less spontaneous thymidine
incorporation than did unstimulated PBMC from
healthy controls (152 cpm vs 448 cpm, P , 0.01, Stu-

ent’s t test, Fig. 2). In addition, at the three lowest
oncentrations of PHA and IL-2, PBMC from HRSN
ad lower levels of thymidine incorporation than did
BMC from healthy controls (P , 0.02, Student’s t test,

or each comparison). Although at all conditions tested,
hymidine incorporation by PBMC from HRSN hemo-
hiliacs and NRSN hemophiliacs tended to be lower
han that of controls’ PBMC, the difference in the mag-
itude of these responses diminished as the concentra-
ions of PHA and IL-2 approached maximal stimula-

FIG. 1. CCR5 density on CD41 lymphocytes (top) and CD141

monocytes (bottom). PBMC were incubated for 48 h without stimu-
lation. Directly conjugated monoclonal antibodies were used to iden-
tify both CD41 T cells and CD141 monocytes and the b-chemokine
receptor CCR5; chemokine receptor density was quantified using
fluorescent beads as standards (see Materials and Methods). X rep-
resents healthy controls, O represents HRSN who had CCR5 wild-
type ORF sequences, and bars represent means for each group.
Comparisons were made by using Student’s t test.
ion levels. The diminished activation state of PBMC
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obtained from HRSN hemophiliacs was also seen in
PBMC obtained from NRSN hemophiliacs, suggesting
that lower activation status is characteristic of hemo-
philia, its treatment, or its complications. Interest-
ingly, thymidine incorporation by PBMC of hemophil-
iacs who were homozygous for the D32 CCR5
polymorphism was comparable to that of controls’
PBMC and lower than the baseline thymidine incorpo-
ration of HRSN PBMC (P , 0.01, Student’s t test, data
not shown).

Infectivity. To test the susceptibility of PBMC to
HIV-1 infection under standardized conditions of sub-
optimal stimulation that might better approximate lev-
els of activation achieved in vivo, assays of lymphocyte
proliferation were first performed using PBMC of each
subject with serial twofold dilutions of PHA from 10 to
0.15 mg/ml PHA and serial twofold dilutions of IL-2
from 10 to 0.15% (Fig. 2). Conditions that comprised 10
and 50% of maximal stimulation were then derived
from these dose–response curves. Our preliminary
findings indicated that when using PBMC obtained
from healthy controls, infection was unusual using
PHA and IL-2 concentrations that induced less than
10% of maximal stimulation (not shown). Therefore,
each subject’s cells were tested for susceptibility to in
vitro infection with HIV-1 after stimulation using PHA

FIG. 2. Lymphocyte proliferation. PBMC were incubated with-
ut stimulation or with increasing concentrations of PHA (0–10

mg/ml) and IL-2 (0–10%) for 72 h; [3H]thymidine incorporation is
expressed in cpm. X represents healthy controls, O represents HRSN
hemophiliacs who had wild-type CCR5 ORF sequences, H represents
NRSN hemophiliacs, and bars represent the mean.
nd IL-2 concentrations that provided 10% (0.4 mg/ml
PHA:0.4% IL-2) and 50% (1.25 mg/ml PHA:1.25% IL-2)
of maximal stimulation. As anticipated, PBMC of five
HRSN hemophiliacs who were homozygous for the
CCR5 D32 polymorphism were resistant to infection
with the R5 HIV-1 isolate JR-FL, but not to the X4
HIV-1 isolate NL4-3 (Fig. 3). In contrast, PBMC ob-
tained from three HRSN hemophiliacs who were het-
erozygous for CCR5 D32 were susceptible to infection
with JR-FL but tended to produce less HIV-1 p24 an-
tigen in culture than PBMC of healthy controls who
lacked this polymorphism, averaging 16.6 6 25.6 ng/ml
versus 85.6 6 74.9 ng/ml (P , 0.01, Student’s t test) at
day 11. Moreover, at 10% of optimal stimulation,
PBMC from HRSN hemophiliacs who were heterozy-
gous for CCR5 polymorphism had a delay in the ap-
pearance of HIV-1 p24 antigen in the supernatant in
comparison to PBMC from HRSN and healthy controls
who lacked this polymorphism. Among the remaining
HRSN hemophiliacs, the PBMC susceptibility to infec-
tion with JR-FL and NL4-3 was comparable to the
susceptibility of PBMC obtained from healthy controls
both in magnitude of HIV-1 p24 antigen production
and in the kinetics of its appearance. Interestingly,
PBMC obtained from the HRSN hemophiliacs who
were homozygous or heterozygous for CCR5 D32 had a
delayed appearance and lower peak production of
HIV-1 p24 antigen in culture supernatant after infec-
tion with the X4-tropic HIV-1 isolate NL4-3 under sub-
optimal stimulation conditions, but these differences
were not significant.

b-Chemokine production. Unstimulated PBMC ob-
tained from HRSN hemophiliac subjects without the
CCR5 D32 polymorphism produced higher levels of
MIP-1a (173 vs 46 pg/ml, P , 0.05, Student’s t test)
than did unstimulated PBMC obtained from healthy
controls (Fig. 4). Baseline production levels of MIP-1b
and RANTES were comparable among HRSN and
healthy controls. At 50% maximal stimulation, how-
ever, production of MIP-1a and MIP-1b was greater by
controls’ PBMC than by the PBMC of HRSN hemophil-
iacs (13,941 vs 2925 pg/ml MIP-1a, P , 0.001, Stu-

ent’s t test) and (11,571 vs 3332 pg/ml MIP-1b, P ,
0.001, Student’s t test) (Fig. 4). At all other conditions,
production of b–chemokines by PBMC of HRSN hemo-
philiacs and healthy controls was comparable.

Alloreactivity. Shown in Table 3 are the frequen-
cies of alloreactive antibodies in sera or plasmas ob-
tained from hemophiliacs who later seroconverted to
HIV-1 infection and from HRSN hemophiliacs who
were matched to the seroconverters by age, calculated
risk of HIV-1 seroconversion (based upon treatment
intensity), and by dates of sample acquisition. Among
those who later seroconverted, 4 of 28 had antibodies to

class I HLA antigens only, 3 had antibodies directed
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against class II HLA antigens only, and 4 had serum
antibodies to both class I and class II antigens. Among
the HRSN hemophiliacs, only 1 of 43 had antibodies to
class I HLA antigens, 2 had antibodies against class II
HLA antigens, and none had antibodies to both. The
overall prevalence of alloreactivity was 11/28 (39%) in
those who later seroconverted and 3/43 (7%) among the
HRSN subjects (P , 0.01 by x2 test).

DISCUSSION

In this group of HRSN hemophiliacs from the
MHCS, 7 of 43 (16%) were homozygous for the CCR5
D32/D32 polymorphism that provides protection from

FIG. 3. Infectivity. PBMC were stimulated for 48 h at 10% (0.4
of maximal stimulation. Cells were incubated for 2 h with NL4-3 or
antigen concentrations in supernatant. HRSN hemophiliac data sho
R5-tropic HIV-1 viruses in vitro (23) and in vivo (5, 8,
24). The prevalence of this genetic polymorphism is
enriched in uninfected but high-risk populations, in-
cluding those with sexual (25) or parenteral exposure
(24). HIV-1 infection has been documented rarely in
persons with this trait, but sequence analysis has iden-
tified these viruses as compatible with X4-tropic
strains (13).

Unstimulated PBMC from HRSN hemophiliacs and
NRSN hemophiliacs and PBMC activated with very
low concentrations of PHA and IL-2 were less activated
to incorporate thymidine than were PBMC of healthy
controls. Since low levels of thymidine incorporation
also were seen with PBMC of hemophiliacs not at risk
for HIV-1 infection, we believe that this phenomenon is

ml PHA and 0.4% IL-2) and 50% (1.25 mg/ml PHA and 1.25% IL-2)
-FL (M.O.I., 0.1) and then washed. Data represent mean HIV-1 p24
according to CCR5 open reading frame genotype.
mg/
JR
a consequence of hemophilia, its treatment, or compli-
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FIG. 4. b-Chemokine production. PBMC were incubated for 48 h without stimulation or at 10% (0.4 mg/ml PHA, 0.4% IL-2) and 50% (1.25
mg/ml PHA, 1.25% IL-2) of maximal stimulation. Chemokine levels in supernatants were measured by ELISA. X represents healthy controls,

O represents HRSN who had wild-type CCR5 ORF sequences, and bars represent the means.
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cations thereof. It is not clear why PBMC obtained
from HRSN hemophiliacs with the D32 CCR5 polymor-
phism show activation levels comparable to that of
controls’ PBMC. Conceivably, complete absence of this
chemokine receptor results in compensatory mecha-
nisms for cellular activation that override the effects of
hemophilia or its treatment on cellular activation.

When subjects with the CCR5 D32 polymorphism
ere excluded from analysis, cell surface densities of

he CCR5 HIV-1 coreceptor on cultured monocytes and
D41 T cells were comparable in HRSN hemophiliacs

and healthy controls.
Zagury et al. found that PBMC of exposed uninfected

hemophiliacs in the Milan, Italy, cohort produced in-
creased levels of b-chemokines when stimulated with
maximal concentrations of PHA and IL-2 (19). As MIP-
1a, MIP-1b, and RANTES have potent antiretroviral
effects in vitro (19, 26) the investigators suggested that
resistance in these subjects was immunologically me-
diated and was reflected in heightened release of b-che-
mokines in response to mitogenic stimulation (19).
Since data generated earlier (27) suggested that PBMC
obtained from persons homozygous for the CCR5 D32
polymorphism may produce more b-chemokines in
itro than PBMC obtained from person with wild-type
lleles, we excluded all subjects with the CCR5 D32
lleles from the analysis. A restricted analysis was also
referred since persons homozygous for this polymor-
hism have another defined mechanism for resistance
o HIV-1 infection. Using this data set, unstimulated
BMC of HRSN hemophiliacs produced only slightly
reater levels of MIP-1a than did PBMC of healthy
ontrols. At all other conditions, b-chemokine produc-

tion by PBMC of HRSN hemophiliacs was either com-
parable to or even lower than b-chemokine production
by PBMC of healthy controls. It should be noted that
b-chemokine production by PBMC of HRSN hemophil-
iacs who were heterozygous for the CCR5 D32 polymor-

TABLE 3
HLA Class I and Class II Alloantibodies

Factor concentrate
usage (n)

HRSN Seroconverters

VIII
(43)

VIII
(25)

VIII and
IX (3)

Both
(28)

lass I only (%) 1 (2) 3 (12) 1 (33) 4 (14)
lass II only (%) 2 (5) 3 (12) 0 3 (11)
lass I and class II (%) 0 4 (16) 0 4 (14)
otal (%) 3 (7)* 10 (40) 1 (33) 11 (39)*

Note. Pre-seroconversion sera/plasmas were obtained from HIV-1
eroconverters and from HRSN hemophiliacs matched to the sero-
onverters for HIV-1 infection risk and date. Samples were tested for
LA-reactive antibodies by microcytotoxicity assays.
* P , 0.01 by x2 test.
phism was comparable to that of the other HRSN sub-
jects (not shown). Thus, although high-level
combinations of all three b-chemokines can limit prop-
agation of HIV-1 in vitro (26, 28), our results do not
suggest that differences in baseline or stimulated
b-chemokine production underlie the apparent protec-
tion from HIV-1 infection among HRSN hemophiliacs
in the MHCS. Likewise, Fowke et al. found that PBMC
obtained from HIV-1-resistant women in the Nairobi-
based Pumwani Sex Workers Cohort produced signifi-
cantly less MIP-1a and MIP-1b than did PBMC of
ow-risk controls (15). We suspect therefore that in
hese high-risk populations, HIV-1 resistance is not
elated to increased production of b-chemokines.

Induction of both class I and class II MHC-restricted
cell-mediated immune responses in the absence of se-
rologic responses after exposure to HIV-1 has been
proposed to be protective (16–18, 29–32). It should be
noted that IL-2 responses to HIV-1 peptides had been
measured in a subset of the participants in this study
and their responses could not be distinguished from
those of healthy controls and health care workers (not
shown). Since those experiments were performed more
than 8 years after last exposure to HIV-1, it is not clear
whether these results are reflective of the waning of
immunity in the absence of antigenic exposure or
whether HIV-1-specific immune responses did not de-
velop in these high-risk subjects.

As anticipated, assays of in vitro susceptibility to
HIV-1 demonstrated that PBMC obtained from HRSN
hemophiliacs homozygous for the CCR5 D32 polymor-
phism were resistant to in vitro infection with the R5
isolate JR-FL. PBMC obtained from persons heterozy-
gous for this polymorphism were less supportive of
productive HIV-1 infection, as determined by time to
detection of HIV-1 antigen in culture and magnitude of
antigen production (Fig. 3). Interestingly, PBMC ob-
tained from persons with this polymorphism also were
less supportive of productive infection by the X4 isolate
NL4-3 under suboptimal stimulation conditions. Re-
view of earlier studies performed among exposed but
uninfected persons who were homozygous for CCR5
D32 revealed that CD41 T cell clones prepared from
those subjects also tended to support replication of an
X4 HIV-1 isolate less well than did CD41 T cell clones
prepared from persons with wild-type CCR5 open read-
ing frame sequences (33). Although Bermejo et al.
found that activated CD41 T cells with diminished
CXCR4 coreceptor expression had a decreased suscep-
tibility to infection with the NL4-3 HIV-1 isolate (34),
this phenomenon does not account for our findings
since we did not find diminished CXCR4 density on
CD41 T cells of HRSN hemophiliac patients (not
shown). A diminished activation status also is not
likely responsible for the delayed appearance of p24
antigen in supernatants of PBMC obtained from per-

sons with the CCR5 D32 polymorphism since both
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CCR5 D32 heterozygotes (whose PBMC had a dimin-
shed activation status) and CCR5 D32 homozygotes
whose PBMC were as activated as healthy controls’
BMC) showed diminished productive infection with
L4-3. The mechanism underlying this phenomenon is
ot clear. Excluding these patients, however, there was
o difference between the remaining HRSN hemophil-

acs and the healthy controls in magnitude of HIV-1
24 production or time to appearance of HIV-1 antigen
n culture supernatants (Fig. 3). In earlier studies, we
ad shown that PBMC obtained from selected HRSN
emophiliacs at highest risk for HIV-1 infection were

ess “infectable” than were PBMC obtained from
ealthy controls (35). Those earlier studies utilized a

imiting dilution assay and a pool of clinical viral iso-
ates instead of the characterized strains used in the
resent study. We do not think that the utilization of
linical isolates better discriminates differences in cel-
ular susceptibilities to HIV-1 infection since the most
t viruses are likely to outgrow in each experiment. We
uspect that even though the limiting dilution assay
ay be more sensitive to subtle heterogeneities in sus-

eptibility to HIV-1 infection than the assay system
sed in the present study, current in vitro assays of
ellular infection with HIV-1 that utilize high concen-
rations of mitogen and interleukin-2 to activate CD41

T cells provide conditions that are not reflective of
susceptibility to HIV-1 infection in vivo and for these
reasons do not reliably identify the majority of persons
who may escape HIV-1 infection after exposure (15).
Whether abortive infections in these persons result in
the development of both MHC class-I- and class-II-
restricted immune responses (16–18, 29, 36) that con-
tribute to protection from subsequent exposures re-
mains to be determined. It should be recognized that
all the cellular assays in this study were performed
many years after last exposure to HIV-1 and thus
susceptibility, activation state, and coreceptor density
generated in these studies may not reflect these indices
at the time of HIV-1 acquisition risk.

We examined alloreactivity to test the hypothesis
that HLA-reactive antibodies might confer some de-
gree of protection from HIV-1 infection. This hypothe-
sis was reasonable since host cell class I and class II
HLA antigens are present in high concentration on
virion surfaces (37), since antibodies generated against
xenogeneic cells used for simian immunodeficiency vi-
rus (SIV) propagation were protective against SIV
challenge (38, 39), since women who were alloimmu-
nized as a therapy for unexplained recurrent sponta-
neous abortions developed anti-allo-MHC antibodies
that were able to neutralize HIV-1 in vitro (31), and
since women with rare HLA types were apparently
protected from HIV-1 infection even though they had
repeated exposure through unprotected sexual inter-

course (3). To our surprise HRSN hemophilic sera and
plasmas less frequently contained cytotoxic antibodies
to HLA class I and class II antigens than did date-
matched pre-seroconversion sera obtained from simi-
larly treated hemophiliacs who later acquired HIV-1
infection. Thus, although alloreactive antibodies might
permit complement-mediated virus neutralization (40)
our findings suggest that HLA-reactive antibodies gen-
erated in persons with hemophilia—likely as a result of
infusion of plasma products—are not protective
against acquisition of HIV-1 infection and, in fact, are
associated with a heightened risk of subsequent sero-
conversion, perhaps through mechanisms such as an-
tibody-mediated enhancement of infection of phago-
cytic cells (41). In addition, HIV-1 infection also can be
enhanced in vitro by a complement-mediated, anti-
body-dependent mechanism and this has been corre-
lated with increased plasma HIV-1 RNA levels and
disease progression in HIV-1-infected individuals (42).
Complement and antibody binding to virions may in-
crease virion binding to B cells (43) and enhance infec-
tion of CD41 T cells (44). Alternatively, HLA-reactive
antibodies may not play an active role in enhancing
HIV-1 infection but instead may be reflective of a rel-
atively heightened CD41 T cell activation in response
to alloantigens contained within antihemophilic factor
concentrates (41). Allogeneic blood products have been
shown to activate HIV-1 expression in vitro (45) and

odest increases in plasma HIV-1 RNA levels have
een reported in HIV-1-infected recipients of whole
lood transfusions (46). Thus, alloreactivity may po-
entially contribute to HIV-1 susceptibility by either
irectly facilitating infection through immune complex
nteractions or by creating a state of heightened CD41

T cell activation.
These studies indicate that there is likely heteroge-

neity in the mechanisms that protected HRSN hemo-
philiacs from HIV-1 infection. Only a minority of the
HRSN hemophiliacs who did not get infected are ho-
mozygous for the protective CCR5 D32 polymorphism.
Additional studies are needed to determine if dimin-
ished alloreactivity or a diminished lymphoid activa-
tion state are protective against acquisition of HIV-1
infection. A diminished activation state is characteris-
tic of peripheral blood lymphocytes obtained from per-
sons with hemophilia. This is likely related to the her-
itable deficiency of Factor VIII or to treatment for
hemophilia or its complications. Among persons with-
out the CCR5 D32 polymorphism, neither cell surface
density of CCR5 nor in vitro production of b-chemo-
kines could distinguish HRSN hemophiliacs from
healthy controls. Thus we could find no support for the
hypothesis that coreceptor inhibition contributes to
protection from HIV-1 infection in these persons. In
addition, we were unable to demonstrate an intrinsic
resistance to HIV infection in vitro. However, the in

vitro assays we utilized to measure susceptibility to
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HIV-1 infection employing peripheral blood lympho-
cytes and high concentrations of mitogen and interleu-
kin-2 may not reflect local conditions or cellular inter-
actions that facilitate productive HIV-1 replication.
For this reason, if quantitative differences in suscepti-
bility to HIV-1 infection exist, assays utilizing ex-
planted lymphoid tissue (47, 48) may prove to be more
informative. A number of studies have demonstrated
the presence of HIV-1-specific immune responses in
persons at high risk for HIV infection who have re-
mained uninfected (17, 18). While the presence of these
responses may protect against infection after subse-
quent exposures, this remains to be demonstrated. Ad-
ditional studies are also needed to identify the factors
that permitted the development of immune responses
in the absence of productive infection.
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